It was natural, therefore, that Atkins's early papers described work in both these branches of science, some of his work being in co-operation with Werner. His father's medical influence was, however, well to the fore, and Atkins's first published papers were on the freezing points and other proper ties of biological fluids, most of the results being of immediate importance to his father in the course of his surgical work. This use of the Beckmann freezing point apparatus led to many later determinations of osmotic pressure by cryoscopic methods. He also worked on problems of chemical dynamics and on the fractional distillation of binary and ternary mixtures of liquidsexperience which proved invaluable when during the First World W ar similar problems arose in connexion with aeroplane fuels and varnishes. Much of this work was done in co-operation with other workers. In 1911 his great friend H. H. Dixon, Professor of Botany, with whom he had already co-operated, was in need of an assistant, so Atkins was appointed to this position, which, however, did not prevent him from continuing his research work in the chemical laboratory. Dixon and Atkins carried out important work on the osmotic pressure of plant juices by the freezing point method, using Dixon's thermoelectric method. Later they added measure ments of electrical conductivity of the saps. Observations of the colour changes in expressed saps led Atkins to undertake work on oxidases and their inhibitors in plant tissues.
Much of this work was summarized in a book Researches in plant physiology, which he published in 1916 with a view to interesting senior students in this rapidly advancing section of botanical science.
This first period of Atkins's scientific work was brought to an end by the First World War. It had been a very busy and, I think, a very happy time, during which he had spent the greater part of each year living in his rooms in Trinity, which he had come to regard as his second home, since vacation periods gave the greatest opportunities for research work. His work did not prevent him from taking an active part in college life, and he made countless friends. A number of them, like so many Trinity students, fell during the war, but he had a wonderful gift for keeping in touch with many of those who survived, wherever they might be throughout the world.
The greatest of his Trinity friends was his professor, H. H. Dixon, as can be judged by the Obituary Notice which he wrote in 1954. On the cover of the copy which he gave to me is written 'The tribute of disciples'. Dixon, in turn, was a life-long friend of John Joly, Professor of Geology, who always came over to the botanical laboratory for a very simple luncheon. Joly, accordingly, also became one that Atkins looked up to with affection and respect. During summer vacations Atkins often visited Professor and Mrs Dixon at their house in Dooks, County Kerry. Joly was generally a member of the party, living in a tent, or later in a wooden bungalow near by. Thence they used to explore on bicycles the more accessible parts of that beautiful, but hilly, county.
In 1915 he became Assistant Chemist at Woolwich Arsenal, and next year he went to the National Physical Laboratory as Volunteer Assistant in the Division for Aeronautical Chemistry. This led to a Commission in the Royal Flying Corps as an Equipment Officer, a position entailing the organization and equipment of a laboratory at Aboukir. Here he did much useful work on problems connected with balloon fabrics, aeroplane dopes and varnishes, fuels, lubricating oils, etc. He was also responsible for meteorological measurements.
His most valuable contribution may possibly have been his demonstration of the value of colloidal graphite as an addition to the castor oil used for lubricating the Gnome rotary engines with which many planes were fitted. These revolving cylinder engines were very wasteful of oil, and if one ran out of lubricant before getting back to base the plane usually crashed. Atkins showed that the addition of graphite enabled the engines to run considerably longer, and thus saved many planes and pilots' lives. He was twice men tioned in despatches, and rose to the rank of Major. On his retirement at the end of the war he was honoured by being made an Officer of the British Empire (Military).
An amusing tale is told of an incident on the voyage to Egypt in 1916. He was asked whether he could take any part in some sports which were being organized on board. He replied that he had done a bit of boxing. This caused some surprise, and he was warned that if he entered he might meet a chief petty officer who was the middle-weight champion of the Navy. Atkins replied 'Well, he can only knock me out'. After the competition, in which the chief petty officer was duly floored, Atkins was not allowed to box any more. They said that he spoiled sport, as there was no one on board in his class! As Atkins did not actually deny this story when I taxed him with it years after wards, I think that it is probably true.
On a later voyage he was less fortunate, as the ship in which he was travelling was torpedoed and sunk with loss of life, he being saved by swimming away from the sinking ship.
When he returned to Trinity in 1919 he went back to the School of Botany. He had become interested in problems connected with the hydrogen ion concentration of soils, waters, and vegetable fluids, and its effect on plant growth, but before he had time to do much work on the subject he was, in 1920, appointed Indigo Research Botanist, Imperial Department of Agri culture, India. Here, besides other work on indigo, he made pH measurements of some Indian soils and plant juices.
He returned from India in 1921, and was appointed Head of the Depart ment of General Physiology in the Marine Biological Association's Labora tory at Plymouth, a position which he retained until his retirement under the age limit in 1955, apart from a period of war work during the later years of the Second World War.
The work of the Plymouth Laboratory is largely concerned with problems having an important bearing on the fishing industry, and as the existence and growth of fish depend on the growth of the phytoplankton on which they feed-directly or indirectly-Atkins at once commenced a study of the marine conditions favourable to plant life and growth. He began by a study of the effects of changes in the hydrogen ion concentration of sea water, and published several papers on the subject.
He had not, however, lost his interest in inland waters and land plants, and in any spare time that might be available he used to explore the country side, armed with a set of pH colour indicators and a botanical collecting case; in this way he gathered knowledge which he also published.
He then turned his attentions to the phosphate-content of sea water and also of the land waters, using a colorimetric method adapted from one devised by Deniges. He confirmed the observations made by Matthews in 1916 that a large fall in phosphate occurs in sea water in the early summer owing to the outburst of growth of the phytoplankton caused by the bright spring daylight.
He studied this effect over many years, showing that the date of the phosphate minimum depended on the brightness of the spring light. He also found similar changes in the content of silicate which was used up by the growth of diatoms. His results were consistent with H. W. Harvey's nitrate measurements, and in 1925 they published a joint paper on the variation with depth of salts utilized in plant growth. This variation, together with that of temperature, gave information regarding vertical mixing of water columns.
It is difficult for one not in close touch with the development of this important subject to assess the value of Atkins's contributions to it, and I am deeply indebted to Dr H. W. Harvey for the following appraisal of this very important part of his work.
'Then and now an outstanding problem in marine biology was to account for fluctuations in various fisheries which occurred from year to year and over longer periods. Attention was being directed to the supply of phytoplankton, the primary food of the animals, and to the natural changing conditions which affected and governed the growth of these plants. A research by Dr E. J. Allen, F.R.S., then Director of the Plymouth Laboratory, had contributed to this line of enquiry.
'On arrival, Atkins started to investigate the annual changes of several microconstituents in the waters of Plymouth which are related to the growth of phytoplankton, publishing a series of papers on these subjects during the next ten years. These pioneer investigations each led at once to similar and further observations in many parts of the world, and to what is now a very extensive literature.
'He adapted a method due to Deniges of estimating phosphate at great dilutions, and followed its seasonal variation in the English Channel and its variation with depth at a position in the Bay of Biscay. This confirmed an analysis by the late D. J. Matthews indicating that in the sea off Plymouth the plants abstracted all but a minute fraction of the phosphate in solution during the summer. Atkins's method was rapid, and could be used at sea, and soon resulted in a wealth of observations extending from the Barents Sea to the Antarctic. It is, in essentials, the method in use today. It then necessitated the visual comparison of intensity of extremely pale colours, for which he possessed an unusually high power of discrimination.
'While this work was in progress he was also engaged in following the annual changes in pH in the waters of the Channel, making colorimetric comparisons, and measuring volumes accurately with pipettes, which often required almost acrobatic skill in the small rolling and pitching vessel. From this study in distribution he found the decrease in carbon dioxide of the water between winter and summer brought about by photosynthesis. This and the decrease in dissolved phosphate during the same period allowed him to estimate roughly the quantity of plant tissue produced in excess of that remineralized. It is of interest that his first guess-estimates of annual produc tion by photosynthesis below unit area are well within the order which may be deduced from subsequent investigations in similar temperate areas. During this work he noticed that when sea water was kept for a few days in a small container there was a marked decrease in pH due to carbon dioxide set free by respiration of bacteria attacking dissolved organic matter, and in this way estimated the "respirable organic matter" in the water at different positions and seasons. He expanded this inquiry by estimating the organic matter which could be oxidized with alkaline permanganate. The estimation of dissolved organic matter was thereafter pursued by the late Professor August Krogh, For.Mem. R.S.
'Other microconstituents whose distribution were investigated included silicate, which decreased between March and June while diatoms were increasing most rapidly; nitrite, which he found to accumulate in the water during late summer when its further oxidation to nitrate proceeded less rapidly than its formation from ammonium excreted by animals; and copper, which was found to undergo a seasonal variation, decreasing with the onset of rapid phytoplankton growth in the spring.
'A paper was published on the stratification of water in the Channel which takes place from July to September, and the large amount of energy required to break down the thermocline. He was the first, or among the first, to recognize the effect of rough weather or turbulence in carrying phytoplankton organisms down below the depth where growth was possible, and so delaying the onset of rapid increase of the plants in the spring.
'In 1926 his first of a long series of papers on the intensity of illumination in the English Channel was published. This work, using very primitive apparatus initially, was soon followed and extended into other sea areas by other workers. In this country it led to the now classical experiments by Dr P. Jenkins on the rate of photosynthesis of cultures of diatoms immersed to different depths over varying periods of time in the Channel while measure ments were made of the light of several wave bands reaching the bottles of culture. These showed that with an average flux of light energy between 0 • 003 and 0 • 002 g cal cm-2 min-1 reaching the plants during 24hour periods, photosynthesis was proportional to light energy, while below this value respiration exceeded photosynthesis. Atkins's research on the scattering of light by particles in suspension led to direct estimations showing some 6 g dry weight of both organic and inorganic particles per cubic metre in the bluegreen waters of the Channel, and about half these quantities in the blue waters of the open ocean beyond the continental shelf.'
Atkins also did a lot of work on the preservation of ropes, nets, and fabrics used under water, and published many papers on this important practical subject.
The value of his work led in 1925 to his election to Fellowship of the Royal Society. In 1928 he was awarded the Royal Dublin Society's Boyle Medal, and a few years later he became a Fellow of the Institute of Physics.
In 1922 he married Ingaborg Jackson, daughter of the late George Miller, J.P., and went to live in an old-world house, the Old Vicarage, near the village of Antony in Cornwall. This was his home for the rest of his life, in which many of his friends have enjoyed the delightful hospitality of himself and Mrs Atkins, with which no shortage of domestic staff was allowed to interfere.
They had one son, George Mignon Gelston, who is now a Captain in the Royal Artillery, and has seen much active service in Palestine and Korea.
The chief drawback of Antony as a place of residence for one working in Plymouth was the inconvenience of transport. His day generally began with a three mile, rather hilly, bicycle ride to Torpoint Ferry, after crossing which two walks and a tram ride eventually took him to his laboratory, the process being repeated in reverse order in the evening. Bus services became available later from Antony to Torpoint, and from the Devonport side of the ferry to near the laboratory, but even then the journey was somewhat time-consuming, especially as the various services rarely synchronized. This inconvenience, 7 however, brings with it one great benefit. Antony is still a pleasant old-world village set in delightful country, instead of being a suburb of Devonport.
Some years later he bought Derry House in the seaside village of Downderry, but he and Mrs Atkins continued to spend the greater part of the year at Antony, her mother, Mrs Miller and her sister living in Derry House until the latter's marriage and, some years later, Mrs Miller's death.
He and Mrs Atkins used to spend part of the year at Derry House, and since it is roomy, they were able to put up their guests also. It is a delightful place to spend a holiday, with a path down the cliff from the garden to the beach, but it was not so convenient for working in Plymouth, as even when an early bus was available it was a long bus ride to Torpoint ferry, and when they stayed there in the late autumn his day's work began with a hilly fourmile walk to catch a morning bus at Crafthole.
Dr Harvey has related how Atkins became interested in the measurement of submarine illumination. He was impressed with the importance of Shelford and Gail's work in Puget Sound, published in 1922, and shortly afterwards wrote to me suggesting that we should collaborate in making similar measure ments in the waters off Plymouth. I have always regarded this letter as marking a red letter day in my life, as not only did it bring me the opportunity to play some part in this section of his work, but it led to many years of happy collaboration, which were enriched by a friendship extending far beyond the bounds of scientific research. I have the happiest memories of many pleasant visits to Antony or Downderry, and of the more than kind reception always accorded to me by everyone in the M.B.A.'s Laboratory or on board their trawler Salpa, or, on the occasion of my last visit, on their fine new ship i Sarsia.
I only remember one rather unpleasant day when the Salpa's movements were too much for my comfort, though my distress was lightened by the fact that we succeeded in getting our light measurements made. Shelford and Gail had worked in water so smooth that they had been able to use a sensitive galvanometer in a small vessel to measure the current passing through their photoelectric cells. It was obvious that we could not do this, except perhaps on special occasions. In one of his early letters to me Billie wrote 'On the Salpa'1 s latest cruise the skipper was thrown out of his bunk.' We accordingly employed a telephone method for measuring the photoelectric currents, reading to about 10"!* ampere. He made almost all the measurements, and was expert at effecting a balance, even among the various sounds of a small ship at sea. His experience with a telephone in conductivity measurements probably helped him.
As usual he adapted his marine work to measurements on shore, and made many measurements of the daylight factor in various shaded sites and its correlation with the vegetation. For this work galvanometers could be used. He installed a Burt vacuum sodium cell on the laboratory roof, connected to a recorder in the laboratory, so that permanent records of the hourly and daily variations in the daylight were kept over many years. The permanence of the Burt cell rendered it admirable for this purpose, though unfortunately it is only sensitive to blue light and some near ultra-violet.
Even the potassium cells used in the early work at sea had little green and almost no red sensitivity, so that the development of the thin-film caesium vacuum cell by Campbell about 1930 was very helpful. This being sensitive throughout and beyond the visible spectrum, it could be used with suitable colour filters to measure the penetration of different wavelengths into the sea. Measurements with such a cell without a filter would obviously give an erroneous idea of the comparative opacities of different water layers owing to the rapid extinction of red light. With the potassium cell, sensitive only to blue light, this effect is not very important.
The development of the selenium 'rectifier' or 'blocking layer' cell a few years later greatly reduced the possibility of surface leakage errors, always troublesome in damp weather, and yielded much larger currents without any high-voltage supply. It also made it possible to mount six cells in a compact cubical photometer case, and thus study the angular distribution of the submarine daylight. Most if not all of the rectifier cells which we used suffered, however, from one serious drawback. In the course of some months, or at best a very few years, their sensitivity to bright light declined greatly. The fact that their sensitivity to weak light did not fall nearly so much rendered the defect more serious, as the fact that the response to a standard test lamp had not declined much was no evidence that the sensitivity to strong light was also reasonably constant. The very large range of illumination that has to be measured in marine work renders this a very important source of error, and Atkins finally became convinced that the use of rectifier cells was an unreliable method in routine work unless very frequent standardizations were made in strong light. With the great advance in our knowledge of semi conductors in recent years it is quite possible that this error may not occur with modern rectifier cells. If so they would be ideal, as their sensitivity curve extends throughout the visible spectrum.
On the outbreak of the Second World W ar he joined the Home Guard, and was put in charge of the contingent from the district round Antony. Their duty was to endeavour to delay any enemy advance along the roads between the Lynher and the sea leading from the west to Torpoint and the west side of Plymouth Sound. He told me years afterwards that the feeling that they were only playing at being soldiers accorded badly with the knowledge that if the enemy did succeed in landing to the west they would almost certainly be wiped out. His period of Home Guard service included the worst of the Blitz on Plymouth, and from the high land round Antony they had a full view of that dreadful sight. The Marine Biological Laboratory was hit and, besides other damage, the Director's House at the east end was burnt.
In 1942 he was given the rank of Captain in the R.A.M .C., and for some time did much routine physiological testing at medical centres throughout the country, resulting in several papers on the vitamin C reserves of troops, and kindred matters.
From 1943 to 1945 he was engaged in work on atmospheric visibility under different weather conditions for the Meteorological Office, Air Ministry.
In this war also the value of his work received official recognition, as in 1951 he was honoured by being made a Commander of the British Empire. This, being a civil award, in no way affected his holding of the O.B.E. (Military) won in the First World War, which he valued very highly.
On his return to Plymouth at the conclusion of the war he at once com menced to pick up the threads of his pre-war work. This naturally was hindered by post-war conditions, but without undue delay he was able to continue and extend his work on daylight measurement, and on variations in phosphate content, and the preservation of nets and ropes.
The measurements with the cube photometer, both before and after the war, had emphasized the importance of scattering in the extinction of sub marine daylight, and had appeared to show that most of the scattered light was only deflected through angles less than 90°. To examine this point he set up an apparatus in which a narrow beam of approximately parallel light was passed through a flask which could be filled with any type of water which it was desired to test. The light scattered through different angles was measured by means of a photomultiplier cell, and the results showed that the greater part of the scattering occurred through quite moderate angles, which appeared to show that it was chiefly due to refraction through transparent mineral particles.
He also employed a method for observing the seasonal changes in the phytoplankton by spectrophotometric estimation of the chlorophyll content of a sample of sea water.
These and other developments of his previous work kept him busily engaged until his retirement, under the age limit, in 1955, when he was over seventy years of age, as the age limit had been specially extended by five years in his case.
He then t urned his attention to the task of working up the results of several lines of work on which he had been engaged.
He also turned some of his energies to his garden, and here it may perhaps be feared that he overtaxed his physical strength, as he developed phlebitis in one leg. This entailed a long rest in bed, after which he suffered from a severe attack of pneumonia. When he recovered his physical strength was much impaired, and he was afflicted with arthritis, which considerably reduced his powers of walking, and rendered writing somewhat difficult and painful.
His mental powers were, however, as great as ever, and three years later, in 1958, he received one of the big honours of his life, being asked to act as President of the Botanical Section of the British Association Meeting at York in 1959. He at once commenced the preparation of his Presidential Address, choosing as his subject 'Plants on Land and in the Oceans', and carried out a lot of other business connected with the meeting, at which, alas, he was not destined to be present. His Address was barely finished when he was attacked by his last illness, which started with influenza in December 1958 . O ther troubles developed, eventually necessitating an operation, which left him very weak, and he died on 4 April 1959.
His Presidential Address was read at the British Association Meeting on 3 September, and its publication in the Report of the Meeting forms a fitting climax to his long list of papers.
As will be seen from the above, and from the list of his published papers, his work covered an astonishingly wide range. In these days of specialization few can hope to achieve distinction in more than one branch of science, but Atkins had done useful work in botany, chemistry, and physics, to list the subjects in the order in which they probably appealed to him.
There was, however, one thread which ran through the greater part of his work-the application of physical and chemical methods to the solution of biological problems, and especially to problems concerned with the life and growth of plants.
The remainder of his work was largely concerned with practical problems, or routine problems of urgent practical importance, such as his work for the Services during two World Wars, and his long series of investigations on the preservation of ropes and nets.
His interests and activities covered many things outside his scientific work. He was keenly interested in literature, especially in poetry, and could repeat by heart long sections of his favourite works. Like many Trinity men of his generation he had at least a fair knowledge of both Latin and Greek, and had a keen ear for the sound of words, which he was rather fond of employing in a punning sense.
He disapproved strongly, however, of what he considered to be misuse of words. Thus he wrote to the Royal Society in November 1957 endorsing Professor Blackman's objection to the physicists' use of the word 'plasma' (J. Exp. Bot. 1956, 7, 9-17). Atkins complained that it was a 'barbarous' misuse of a Greek root, being derived from the word -^Xau/xa, something moulded or formed, and that the biologists already used the term in quite a different sense (which physicists think equally barbarous!). O f course nothing can now be done about the matter, as the word has long since passed into the language of physics, but the incident is typical of his independent attitude in many matters.
Above all else, however, he was chiefly interested in people and their activities, though he never stooped to unkind gossip about anyone. He might, occasionally, express disapproval of someone's actions, but generally only spoke of the activities of the many friends whom he regarded with kindly esteem.
He had a keen sense of humour and a fund of amusing stories, some of them against himself, which he could recount in a highly diverting way, so, with his wide range of interests, he was always a delightful companion.
One of his favourite stories concerned the 'unbreakable' glass flask which he obtained one day when he was working in the chemical laboratory in Trinity College. Being troubled with the fragility of the ordinary litre flask he purchased this special flask which was advertised as 'unbreakable'. He made several satisfactory tests, such as hitting it with a hammer and dropping it on the floor, so when his Professor came into the room, he said, 'Look, Professor', and repeated the dropping test. The flask promptly disintegrated into small pieces, and all he could say was 'It's broken!' Professor Young looked at him in horror, wondering, perhaps, whether he had suddenly gone off his head!
The most amusing aspect of this tale is that it records a most extreme form of maltreatment of scientific apparatus-a crime which, in later years at least, he regarded as almost unpardonable, and which he did his best to discourage. I remember the disgust with which he told me of the evil behaviour of a marine zoologist whom he found weighing a piece of dead fish in the un protected pan of a chemical balance! I think that he classed this worker as rather lower than others who used to smoke (which he never did) and scatter cigarette ash about in the laboratory in which he was making estimations of phosphate in sea water, where its concentration was measured in parts per thousand million.
As already mentioned, he always did his best to keep in touch with his old friends, either by correspondence or, if at all possible, by actual meeting, often under his own hospitable roof, and hence was always a mine of informa tion as to their doings, in which he took such an interest.
He spent little on himself. He did not smoke, and never touched any alcoholic drink, and when in 1946 he bought a small car it was not for himself, but for his son George, as both he and Mrs Atkins were terrified of some serious accident happening with the ancient Austin 7 that George was then driving. Later he decided to learn to drive himself in order that, when the car was available, he might be able to take Mrs Atkins over to Downderrya journey which she had to make rather often to see her ageing mother and invalid sister, and which was very difficult in summer when the buses were crowded. He duly passed his driving tests, and later when George bought another, he took the car over for his own use.
The action was typical of him. He never enjoyed motoring, but desired to be able to take Mrs Atkins about, and also any earless friends who might be staying with them. He was in fact generous in the extreme, and many cases of his kind and thoughtful actions could be quoted. Thus F. W. Warren, who started as his laboratory attendant and later played a valuable part in some of his work, writes:
'I do indeed think that it would be grand to give Dr Atkins that colourful 12 character that we knew and loved so well. I think that an important part of his character was the way in which he took the keenest interest in the welfare of his subordinates, particularly the very junior members. He was always concerned when they were ill, and I remember the concern he had for me when I had to spend some time in a sanatorium; this was a part of his character which I feel cannot be too strongly stressed. I remember his ways of doing a kindness, he would bring along a dozen or so eggs in an old card board box and insist that the box was extremely valuable and that it should be returned to him immediately that it was empty, his only thought being to ensure that one had a steady supply of eggs until one was better again.5 I have learnt from friends that, although for many years he had never been able to spend more than a few weeks in each year in Ireland-and often not that-he continued to pay the subscription which his father had always paid to his parish church in Cork, and also contributed liberally to the general funds of the Church of Ireland.
His godson, Dr R. W. Harkness, who was the son of his first cousin, gives further examples of his generosity, and touches on other aspects of his highly independent outlook, in the following note:
'He was a very kind person and very generous, e.g. he insisted upon contributing to the cost of my education after my father died. This also illustrated the point that he was outstandingly conscientious about all family matters. In fact he formed the only link between a large collection of cousins of various sorts. He used to keep touch by writing and also going to see people. There are many examples of his acting as organizer and helper to members of the family. Sometimes his kindness was embarrassing, as when he insisted on sending me a set of R.A.M.C. brass buttons for my army greatcoat, the idea being that I could buy the coat without the buttons. He would go to endless trouble, and I remember in war time when I was going to Crookham he sent me a timetable of the trains copied out himself and also insisted on writing a large number of letters and introductions to all sorts of people. His sense of family responsibility also led him to tell you off, if he thought you had done something wrong, and he expressed himself directly and forcibly. One did not like him any the less for this, because it was done entirely honestly and without malice. In any case there was generally a good deal of substance in his protests.
'Many letters contained oblique remonstrances, e.g. "Thank you for yours of the 15th, post mark 25th.55 His protesting spirit also extended outside the family. There were furious notices in the lab on almost every piece of equip ment remonstrating against misuse. A good example of this spirit is in a letter in Nature on "Presentation of scientific data" (1945, Nature, Lond. 155, 361). I have a number of others in letters, e.g. " . . . It is a damnable book,, gives moisture in grams per cu. ft. of air." Many letters contain asides of protest, e.g. against medicals whom he tended to mistrust as unscientific. " I am sorry
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William Ringrose Gels ton Atkins 13 to hear you have been laid up. T hat complaint has a way of recurring and is often due to inadequate consumption of liquid-not fluids, pace medical customs, that includes gases also." He used to get very annoyed when he knew he was right and no one would listen. " I am trying to stir up folks to use the methods I found so good for preserving ropes. They would not use them for sandbags and look at the millions lost." In the last war he tried hard to get a job in the services similar to the one he had in the first war and was annoyed when he failed to do so. These protests of his illustrate the characteristic of doing what he thought right in the most direct way and apparently regard less of the consequences. The virtue of this habit was not always appreciated by others. He was not easily deterred, e.g. would carry on making light measurements for 4 to 6 hours on end in the cramped space of the cabin of the Salpa while throughout the time a visitor to whom he was demonstrating was being sick.* On a number of occasions I have gathered from members of the family, when he could get no other means of transport when coming to visit them he had been known to walk up to 12 miles carrying his suitcase. This persistence, almost inflexibility, was one of the things which made him such a character.'
Thus to those who knew him best it was his character as a man that appealed most. He made no great parade of the Christian faith which he held so firmly, but he made it the guiding principle which he always endeav oured to follow in his treatment of his fellows.
This did not make him one of those easy-going people who always choose the 'line of least resistance'. As Dr Harkness has pointed out, he was quite the reverse. He never interfered unnecessarily in other people's affairs, but if he felt that he had any responsibility in any matter he would adopt the course of action which he considered right, quite regardless of the risk of making enemies-possibly powerful enemies. He was intolerant of injustice, especially an injustice inflicted by a government or other official authority on some defenceless individual, and was quite ready to take up the cudgels in his defence-sometimes with success. Other matters in which he was ready to stress his point of view were generally concerned with important matters of scientific or technical policy-such as his endeavours to induce the authorities to use the methods which he had evolved for the preservation of sandbags.
Dr Harkness has summed up this side of his character as follows:
'Though W.R.G.A. was unorthodox, his views were logical even though the logic was unusual, and he had more insight into the way the world worked than might appear from the difficulty he had in making it see eye to eye with himself. He says about himself in a letter: "Now this isn't boasting-I know a little (or more) of a great many branches of knowledge. That is at once my curse and my forte." He knew many people thought him odd. I have a letter advising "for the life of you don't mention my name as I fear it stinks there" ; but I don't think he ever took much account of what other people would think of him in deciding his actions. If he had lived three centuries earlier he would probably have been burnt.' It might, perhaps, be expected that this independence of spirit might have made him a difficult man to work with, but nothing could have been further from the truth. He was, in fact, an ideal colleague, who suggested almost all the problems which we tackled together, and did far the greater part of the experimental work. In our thirty-five years of happy collaboration he and I had many differences of opinion on matters connected with the physical aspects of our work (I would never have presumed to question his views on the biological or chemical problems involved) but never a single one which had the slightest possible effect on our friendship. Submarine light measure ments made in a comparatively small vessel, probably rolling considerably and drifting appreciably, are liable to certain corrections, and it was often my share of the work to evaluate the results of measurements which he had made. I always knew that I could be even more dogged than he was over some particular problem, without imperilling our good relations. He was far too big a man to take umbrage at differences of opinion on such matters.
In spite of his feeling that his independent spirit had made some enemies I think it probable that few who really knew him well will question the verdict of his closest friends 'We shall not look upon his like again'. 
